Abstract: This study addresses the latent construct of attitudes toward environmental conservation based on study participant's responses. We measured and evaluated the latent scale based on an 18-item scale instrument, over four experimental strata (N = 945) in the US Virgin Islands and the Caribbean. We estimated the latent scale reliability and validity. We further fitted multiple alternative two-parameter logistic (2PL) and graded response models (GRM) from Item-Response Theory. We finally constructed and fitted equivalent structural and generalized structural equation models (SEM/GSEM) for the attitudinal latent scale. All scale measures (composite, alpha-based, IRT-based, and SEM-based) were consistently and reliably valid measures of the study participants' latent attitudes toward conservation. We found statistically significant differences among participant's attributes relating to socio-demographic, physical, and core environmental characteristics of participants. We assert that the nature of relationship between cognitive attitudes and individual as well as social behavior related to environmental conservation.
Introduction
The formation of attitudes traditionally represents a primarily cognitive process, that is, a process dependent on individual mental processes (Heit 2008) . Attitudinal measures across a range of individuals require scale development (Spears 2011; Zuberbühler and Byrne 2006; Kaiser et al. 2018) . The study of environmental attitudes has provided insight into cognitive processes and environmental behaviors of participants. For example, Levine and Strube (2012) have shown gender and age-related differences in pro-environmental attitudes and their possible influence of environmental behavior among college student participants.
Latent cognitive and social processes affect the presence, nature, characteristics, and structure of attitudinal formation. They affect jointly, and at the least non-monotonically, the level of association between attitudinal formations within individuals that share a social experience (Ajzen 2012) . Such latent social processes represent a social construct that dynamically alters and focuses perceptions of reality in common, shared, and collective ways across individuals and within social groups (Ariely 2008; Eagly and Chaiken 1993) .
Whereas one can place environmental attitudes in general in one broader attitudinal category (Mayer and Frantz 2004; Tam 2013) , there is an argument to be made that the level of abstraction and the specific context of the latent attitudinal formation can make a difference. Kaiser et al. (2013) argue 
Instrument Reliability
The reliability of the instrument scale is measured using the Cronbach's alpha coefficient (Cronbach 1951) . The summative rating of the scale is measured against the latent variable (composite factor), Attitudes toward coral reef Conservation (ATC). The scale represents the modeled cumulative estimation of the individual item scores, by reversing the scoring ranking for the composite statements that have negative correlations with the composite latent attitudinal factor whose strength is measured.
Cronbach's alpha is measured using the following symbolic form from Equation (1):
where, k is the number of variables (items) over which α is computed (k = 18), and the term in Equation (2) is the average correlation coefficient among scale items, where s i or j is the sign of each item variable in the computing of their correlation coefficients, and n ij is the number of observations that are used in calculating the item correlation coefficients (pairwise excluded).
The Cronbach's alpha coefficient α, can be used to interpret the estimated relationship (correlation) between its value, and the latent scale or variable it measures. This correlation can be computed as the square root of alpha, √ α. Acceptable values of alpha range between 0.7 and 0.95 (Tavakol and Dennick 2011) .
IRT Models: Two-Parameter Logistic and Graded Response Models
Following the establishment and assessment of the reliability for the ATC scale used in this analysis, we tested a few alternative models and applied both a two-parameter logistic model (2PL), and a graded response model (GRM) from Rasch's Item Response Theory (Van der Linden 2010; Kolen and Brennan 2014) . The purpose of this type of analysis is to identify and further explore the patterns and attitudinal formation of the items in each of the study's scales.
The Two-Parameter Logistic Model (2PL) used in the study, uses a binary scale classification (i.e., 0/1) over recoded scale response items. The ATC scale items were recoded as 0 if responses were negative (strongly or somewhat) or neutral and 1 if responses were positive (somewhat or strongly). The model estimates the probability that a participant's response is positive, given the level of latent attitude's trait (θ), for varying level of discrimination parameter, β (Birnbaum 1968) . Equation (3) shows the symbolic form of the probabilistic estimation.
Pr(y ij = 1|θ j ) = e α i (θ j +β i )
1 + e
The latent attitudinal trait parameter (θ) is shown to follow a standard normal distribution, i.e., θ ∼ N (0,1).
In this study, we also applied a polytomous Graded Response Model (GRM) on par with the ordinal nature of the items of the assessed scale. The model was implemented both using the irt grm algorithm in the Stata statistical language (Stata 2017) and the IRTPRO stand-alone software (IRTPRO 2015) , and it is based on the 2PL model of Birnbaum (1968) and the GRM model of Samejima (Kolen and Brennan 2014; Samejima 1977 Samejima , 2008 .
The probability of observing a cumulative outcome k or higher for each scale item, i, and for each person j, is estimated from Equation (4).
Pr(y ij ≥ k|θ j ) = e −α i (θ j −β ik )
where i = 1, . . . , Q are scale items (questions); j = 1, . . . , N are the number of persons (observations) completing the survey; k = 1, . . . , K the number of ordinal responses in each scale item; α i represents the discrimination parameter for an item i in the scale (model slope parameter); β ik is the kth difficulty parameter for the scale item i (latent ability threshold parameter); c ik is the kth cutoff parameter for the scale item i (model intercept parameter); and θ j is the latent attitudinal trait for each person, j. The model assumes that the theoretical distribution of the latent attitude trait is the standard normal distribution, i.e., θ j~N (0,1). The probability of observing any given ordinal outcome k can be calculated as the probability difference between two consecutive ordinal responses. From the cumulative probability model symbolically, we can derive Equation (5).
From Equation (4), directly derives Equation (6), i.e., that the cutoff point of each outcome k for each item in the scale is the product of the item's discrimination parameter and the item's difficulty parameter.
We tested the GRM model fit using both a Bock-Aitkin and an Adaptive Quadrature algorithm. The model for the ATC scale is approximated through a marginal Maximum Likelihood estimation (MMLE). The results were similar across both algorithmic implementations, with the Bock-Aitkin algorithm performing slightly better. The Bock-Aitkin algorithm uses a Bayesian Expectation-Maximization algorithm for estimating convergence. For consistency across multiple implementations, we used an uninformative (uniform) prior and starting values for the simulation. The model runs produced estimates for the logistic GRM model, including the slope parameter estimates (α), the model intercept parameter estimates (c), and the ability threshold parameter estimates (β).
Structural and Generalized Structural Equation Modeling (SEM/GSEM)
To test and expand latent scale inferences made with previous methods (i.e., using Cronbach's Alpha reliability scale estimates and IRT GRM empirical Bayes means estimates), we conducted a series of structural equation modeling estimations on the ATC scale item variables. The use of SEM as alternative to scale (latent trait) reliability constructs is grounded in the relevant literature. Cho (2016) demonstrates the use of SEM models for deconstructing and clarifying the covariance composition of Alpha reliability estimates (Cho 2016) .
As an alternative to the two previously constructed latent scales (alpha reliability-based and IRT-GRM-based), we also fitted a structural equation model (SEM) using the 18-item observed survey variables to estimate a single latent attitudinal scale variable. The estimation equations of the model are shown in the following Equation (7):
where, x 1 , x 2 , . . . , x i are the i items (variables) empirically observed and assessed, µ 1 , µ 2 , . . . , µ i is the mean item vector, and L is the unknown latent attitudinal scale vector with unknown mean µ. We assume that observations and the latent scale vector are independent and identically distributed with mean µ and standard deviation corresponding to the covariance matrix Σ. Each independent equation of the model is equivalent with Equation (8), which provides a standardized (normalized) estimate of the latent attitudinal scale vector. It is thus expected that the latent scale will be following a standard normal distribution, i.t., its mean, µ is expected to asymptotically be estimated to 0.
The SEM model produces estimates for the parameters β and the error terms, ε along with the latent variable's mean and covariance estimates. The model estimation used a quasi-maximum likelihood (QML) estimation that relaxes the normality assumption in the estimation of the standard error structure of the coefficients.
Results and Analysis

Scale Development
A composite cognitive scale measurement, Attitudes toward Conservation (ATC) was developed and tested through participant survey and experimental assessment responses. The scale attempts to capture the participant's cognitive latent construct related to their attitudes toward conservation, especially with respect to coral reefs. With respect to its specificity, a number of items in the scale are somewhat related to the subject of the behavioral, mental or experimental activities within which the participant assessments are often nested. The abstract generalizability of the scale links broader participant attitudes, aspirations, dispositions, and social norms of participants toward environmental conservation. Key reliability statistics on the composite scale measurements are shown in Table 2 below. The ATC scale enjoys a relatively high Cronbach's Alpha reliability coefficient. The Cronbach's Alpha reliability coefficients were measured by reversing the sign of items 1 (TooMuchConcern), 3 (NoTopPriority), 5 (LawsLimit), 6 (LittleEffect), 8 (ThreatenJobs), 9 (TourismLivelihoods), 12 (FutureGenerations), 14 (EnoughDone), 15 (ConsEconConflict), and 16 (NaturalValues) in the scale. We used a two-stage algorithmic process to estimate the items to be included in order to maximize the yielded Cronbach's alpha coefficients. The optimal scale is computed by removing items whose item-level alpha coefficient (alpha if item removed) was larger than their respective scale-level alpha. As a result, the optimal ATC scale includes 18 out of the 24 original items (α = 0.883).
The high level of the achieved reliability coefficient confirms the validity of the instrument items to capture the latent constructs under study, namely the cognitive attitudes of participants towards coral reef conservation, and the cognitive beliefs of study participants about nature in general. More specifically, the standardized alpha for the ATC latent scale of 0.883 denotes an overall correlation coefficient value of 0.940 and thus captures approximately 94.0% of the association between items in the scale and the underlying latent factor, i.e., the participant's attitudes toward coral reef conservation.
In addition, as we can see in Table 3 , we conducted separate reliability analyses for all studies included in the data, namely the ecotourism survey, the experiential social learning experiments, the visiting scientists survey, and the community survey data. In each of the studies, the item-level standardized Cronbach's alpha coefficient was relatively consistent as can be seen in the following Table 3 . The graph in Figure 1 summarizes the performance of the reliability analysis using the standardized Cronbach's Alpha coefficient, for the standardized ATC scale. As we can see from the right subgraph, the strongest positive ATC scale mean is obtained in the Visiting Scientists study strata (0.254 above the mean ATC overall reliability). The strongest negative alpha coefficient is obtained in the Community survey study strata (slightly below the overall mean, by 0.074).
The graph in Figure 1 summarizes the performance of the reliability analysis using the standardized Cronbach's Alpha coefficient, for the standardized ATC scale. As we can see from the right subgraph, the strongest positive ATC scale mean is obtained in the Visiting Scientists study strata (0.254 above the mean ATC overall reliability). The strongest negative alpha coefficient is obtained in the Community survey study strata (slightly below the overall mean, by 0.074). . Standardized Cronbach's alpha reliability estimated for the optimal implementation of the ATC latent scale. The bars on the left subgraph show standardized alpha coefficients by study strata, while the bars on the right subgraph show differences in mean scale coefficients of each study strata from the overall latent scale (for all studies).
Based on the reliability analysis, we computed the raw (summative) composite scores of each participant in the study. For a five-Likert scale per item, and for the 18 scale items, the minimum score that can be achieved is 18, and the maximum is 90. We added the raw summative scores, and we rescaled the summative scale from 0 to 100. A histogram of the results for all four studies in the dataset are shown in Figure 2 . The mean summative scale score for the 963 participant observations, μ = 58.032 with standard deviation, σ 2 = 21.688. Figure 1 . Standardized Cronbach's alpha reliability estimated for the optimal implementation of the ATC latent scale. The bars on the left subgraph show standardized alpha coefficients by study strata, while the bars on the right subgraph show differences in mean scale coefficients of each study strata from the overall latent scale (for all studies).
Based on the reliability analysis, we computed the raw (summative) composite scores of each participant in the study. For a five-Likert scale per item, and for the 18 scale items, the minimum score that can be achieved is 18, and the maximum is 90. We added the raw summative scores, and we rescaled the summative scale from 0 to 100. A histogram of the results for all four studies in the dataset are shown in Figure 2 . The mean summative scale score for the 963 participant observations, µ = 58.032 with standard deviation, σ 2 = 21.688.
As we can see from the subgraphs in Figure 2 , significant differences between the four study groups can be identified, both visually, and statistically. Specifically, the Ecotourism and Social learning groups have very similar characteristics on their distributional patterns and reflect similar participant demographic (and socioeconomic) characteristics.
The analysis of the items in the ATC scale provide further insight into the inferential dynamics of the latent cognitive and social constructs under study. Table 4 presents the key item statistics for the 18-item scale development of the Attitudes toward Conservation (ATC) construct. The scale contains eight positive statements and ten negative statements. The first column of the table shows the scale item question. The second through fourth third columns show the mean (µ), standard deviation (σ 2 , and standard error values respectively of the participant's responses to the question using a summative Likert rating scale. The Likert scale used for the analysis ranges from negative to positive dispositions: strongly disagree = 1; disagree = 2; neutral (neither agree nor disagree) = 3; agree = 4; strongly agree = 5 (reversed values in negative items, with strongly disagree = 5 through strongly agree = 1.
question. The second through fourth third columns show the mean (μ), standard deviation (σ 2 , and standard error values respectively of the participant's responses to the question using a summative Likert rating scale. The Likert scale used for the analysis ranges from negative to positive dispositions: strongly disagree = 1; disagree = 2; neutral (neither agree nor disagree) = 3; agree = 4; strongly agree = 5 (reversed values in negative items, with strongly disagree = 5 through strongly agree = 1. The last few columns of Table 4 summarize the key reliability characteristics of the ATC scale, namely the item-test correlation (ITC), the item-rest correlation (IRC), the average inter-item covariance (IIC), and the Cronbach's alpha test coefficient (α) if the item is removed from the scale.
By reversing the sign of the correlation coefficient (see also Equations (1) and (2)) for the negative statements and computing the relevant Cronbach's alpha coefficient, we can see that we can obtain a relatively high reliability for our instrument, with an average value of α = 0.877 and a range from 0.871 (minimum value) on item statement 12 ("We don't need to worry much about the corals, because future generations will be better able to deal with these problems than we are (reversed)"), to 0.884 (maximum value) on item statement 18 ("I expect to see more dramatic changes in our natural and marine environment in the future"). All items are shown to reduce the achieved Cronbach's alpha reliability coefficient if deleted from the scale, and all items would reduce the scale's mean value, as they present a correlated composite construct (shown in their corrected item-total correlation coefficients and their squared multiple correlation coefficients alike).
The resulting ATC scale (based on alpha coefficient scores) has 963 observations. The scale has mean of 0, variance of 0.335, and standard deviation of 0.579. The minimum and maximum scale values are −1.583 and 1.115, respectively.
Comparing Alpha Scale Estimates Across Attributes and Participant Groups
We tested for normality in the scale score distributions using multiple tests for normality. The Kolmogorov-Smirnov (K-S) goodness-of-fit test for normality for the distribution of mean scale scores across participants had a p-value of p = 0.027 for the K-S Statistic D = 0.043. Thus, we cannot reject the null hypothesis (p < 0.05) that the Attitudes Toward Conservation scale is normally distributed across the population of participants in the study. In addition, the joint Skewness and Kurtosis test for normality in the mean scale scores indicate that cannot reject the null hypothesis (p < 0.001) for normality. Specifically, P(skew) = 0.074, and P(kurt) = 0.000, with joint adjusted χ 2 = 65.690 (p = 0.000). Finally, both the Shapiro-Wilk W test and the Shapiro-Francia W' test for normality show that we cannot reject the null hypothesis (p < 0.001) for normality in the scale score distributions with W = 0.982 (z = 5.945) for the Shapiro-Wilk test, and W' = 0.982 (z = 5.649) for the Shapiro-Francia test. The results of testing for distributional normality across study participants and studies are shown in the following Table 5 . We tested for statistically significance in the equality of mean scale scores for a number of attribute variables in the data, using the non-parametric Kruskall-Wallis chi-square test (Table 6 ). In cases with only two states, (binary conditions) the Kruskall-Wallis chi-square test, is identical with the Wilcoxon (Mann-Whitney) chi-square test. We also reported the two-sample Kolmogorov-Smirnov test comparing binarized versions of the attributes, allow us to assess the asymptotic significance of the positive or negative sign of the differences. In terms of demographic and socio-economic characteristics, male participants appear to have slightly smaller values of mean scale scores than female ones (albeit barely significant-p = 0.0017). Mean scale scores are shown to be statistically different across ethnicity groups, and furthermore, Black/African American participants have larger mean scale scores than any other ethnic group (p < 0.001). Participants below 25 years old have lower mean scale scores than participants above 25 years (p = 0.0011). Similarly, participants with college degree and above have larger mean scale scores than the ones without college degree (p < 0.001). On the other hand, household income levels do not appear to be statistically significantly different among participants in terms of their mean scale scores. The selected demographic characteristic scale comparisons among participants are shown in the following Figure 3 . Additional ethnicity (other/mixed) self-identified characteristics are provided in Appendix B of the study.
Participants who live in the US Virgin Islands have smaller mean scale scores than the ones who don't (p < 0.001), and furthermore, their mean scale score is slightly negative on the scale. From those participants who live in the US Virgin Islands, the type of place they live do not appear to affect their mean scale scores (p = 0.3334), but the tenure of the living quarters does: participants who rent or own by themselves have smaller mean scale scores than those living with their family In terms of general environmental attributes, the source of water significantly affects participant's attitudes with participants collecting rain water through cistern systems having larger mean scale scores than the ones using city water (p = 0.0009). On the other hand, among participants who use cistern water, having to buy water to refill their cisterns in the past year is associated with statistically significant lower attitudinal scale scores (p = 0.0052). The use of alternative energy sources is clearly associated with differences in attitudinal mean scale scores. Specifically, participants who use WAPA (local Water and Power Authority) power, slightly smaller means in their attitudinal scores (p = 0.0414), compared to participants who use generator or solar power. These groups have increasingly larger mean scale scores (p = 0.0098, and p = 0.0002, respectively). Participants who had snorkeled before in coral reefs appear to have larger mean scale scores than the ones that have never experienced coral reefs in close contact (p = 0.0123), but the frequency of snorkeling does not affect their attitudes.
In terms of the water-energy nexus, participants who had issues with their water or energy systems tend to have significantly higher mean attitudinal scale scores than the ones that did not (with p-values of 0.0096 and 0.0000, respectively). It is more likely than not, that the limitations of both natural and systemic water-energy systems in small and economically disadvantageous areas such as the US Virgin Islands, reinforces, and perhaps, drives to an extent attitudinal formation and attitudinal change in terms of environmental conservation. The latter proposition is reinforced by the participant's responses to the questions regarding whether or not they are engaged in active water or energy conservation measures. Specifically, respondents who are either somewhat concerned and aware or very aware and use active conservation in both water and energy systems have higher scale attitudinal values compared to respondents not concerned about conservation or are aware but not taking conservation action (p = 0.0004, for water conservation and p = 0.0000, for energy conservation systems respectively). The mean differences are larger for energy conservation systems than water conservation systems. To check the consistency between attitudes and (stated) behavior, we asked In terms of general environmental attributes, the source of water significantly affects participant's attitudes with participants collecting rain water through cistern systems having larger mean scale scores than the ones using city water (p = 0.0009). On the other hand, among participants who use cistern water, having to buy water to refill their cisterns in the past year is associated with statistically significant lower attitudinal scale scores (p = 0.0052). The use of alternative energy sources is clearly associated with differences in attitudinal mean scale scores. Specifically, participants who use WAPA (local Water and Power Authority) power, slightly smaller means in their attitudinal scores (p = 0.0414), compared to participants who use generator or solar power. These groups have increasingly larger mean scale scores (p = 0.0098, and p = 0.0002, respectively). Participants who had snorkeled before in coral reefs appear to have larger mean scale scores than the ones that have never experienced coral reefs in close contact (p = 0.0123), but the frequency of snorkeling does not affect their attitudes.
In terms of the water-energy nexus, participants who had issues with their water or energy systems tend to have significantly higher mean attitudinal scale scores than the ones that did not (with p-values of 0.0096 and 0.0000, respectively). It is more likely than not, that the limitations of both natural and systemic water-energy systems in small and economically disadvantageous areas such as the US Virgin Islands, reinforces, and perhaps, drives to an extent attitudinal formation and attitudinal change in terms of environmental conservation. The latter proposition is reinforced by the participant's responses to the questions regarding whether or not they are engaged in active water or energy conservation measures. Specifically, respondents who are either somewhat concerned and aware or very aware and use active conservation in both water and energy systems have higher scale attitudinal values compared to respondents not concerned about conservation or are aware but not taking conservation action (p = 0.0004, for water conservation and p = 0.0000, for energy conservation systems respectively). The mean differences are larger for energy conservation systems than water conservation systems. To check the consistency between attitudes and (stated) behavior, we asked participants whether they flushed their toilet every time they used it or only when they need it (a common conservation practice in the Virgin Islands in the face of water scarcity). The comparative analysis of the attitudinal scale comparison across the response groups show that participants who engage in such conservation behavior have positively higher scale mean attitudinal values than the ones who don't (p = 0.0000).
Soc. Sci. 2018, 7, x FOR PEER REVIEW 13 of 34 participants whether they flushed their toilet every time they used it or only when they need it (a common conservation practice in the Virgin Islands in the face of water scarcity). The comparative analysis of the attitudinal scale comparison across the response groups show that participants who engage in such conservation behavior have positively higher scale mean attitudinal values than the ones who don't (p = 0.0000). There exists a relative strong statistically significant difference between the mean attitudinal scale scores between participants whose decisions are influenced by factors related to climate change, versus those whose decisions remain unaffected (p < 0.0001). In addition, participants who are more likely to support stronger environmental policies at all time scales (currently, near term, distant future), have higher mean attitudinal scale scores that those who are either not sure or not likely to support such decisions (all three question comparisons yield p-values < 0.0001).
Participants who believe that their land and/or coastal environment in the Virgin Islands is generally unhealthy (very unhealthy or somewhat unhealthy) have larger mean scale scores than the ones believing that the land/coastal environment is healthy (p < 0.0001 on both questions regarding land and coastal environmental settings). Similar, yet less strong results hold true in terms of participant beliefs regarding the importance of the ecosystem health. Specifically, participants who believe that the health of our land and/or coastal environment is very important have smaller attitudinal scale scores than the ones who don't hold such strong views (p = 0.0890). In addition, participants who believe that environmental conservation in general is very important, have considerately larger mean scale scores than the ones who don't (p < 0.001). Finally, participants who reported that they feel that they know a lot about environmental conservation have larger mean scale scores than the ones that reported that they feel they know a few or nothing at all about environmental conservation issues (p < 0.001). Selected graphs of the environmental-based attitudinal comparisons among participant groups are shown in the following Figure 5 . There exists a relative strong statistically significant difference between the mean attitudinal scale scores between participants whose decisions are influenced by factors related to climate change, versus those whose decisions remain unaffected (p < 0.0001). In addition, participants who are more likely to support stronger environmental policies at all time scales (currently, near term, distant future), have higher mean attitudinal scale scores that those who are either not sure or not likely to support such decisions (all three question comparisons yield p-values < 0.0001).
Participants who believe that their land and/or coastal environment in the Virgin Islands is generally unhealthy (very unhealthy or somewhat unhealthy) have larger mean scale scores than the ones believing that the land/coastal environment is healthy (p < 0.0001 on both questions regarding land and coastal environmental settings). Similar, yet less strong results hold true in terms of participant beliefs regarding the importance of the ecosystem health. Specifically, participants who believe that the health of our land and/or coastal environment is very important have smaller attitudinal scale scores than the ones who don't hold such strong views (p = 0.0890). In addition, participants who believe that environmental conservation in general is very important, have considerately larger mean scale scores than the ones who don't (p < 0.001). Finally, participants who reported that they feel that they know a lot about environmental conservation have larger mean scale scores than the ones that reported that they feel they know a few or nothing at all about environmental conservation issues (p < 0.001). Selected graphs of the environmental-based attitudinal comparisons among participant groups are shown in the following Figure 5 . 
Analyzing ATC Scales Using Item Response Theory (IRT) Models
An alternative methodology for assessing the cognitive latent scale as a mental model representation is the use of Item Response Theory (IRT) models. According to Cleophas et al. (2012) IRT models "(…) do not use reliability as a measure of their applicability, but instead use formal goodness of fit tests (…)". In a nutshell, item response models represent a nonlinear estimation on a binary or categorical response pattern for each item (and sub-item, i.e., item class) in a scale. The nonlinear estimation of item response models follows a Gaussian exponential distribution function (Reckase and Reckase 2009; Drasgow and Parsons 1983) .
We compared a number of IRT models on two broad estimation categories: those for ordinal categorical item classification, and those for binary item classification. The former are represented by the original ATC scale item response questions, and they reflect the 5-level Likert agreement categories. The latter represent reduced-form classification, where negative or neutral response categories (1-3) are recoded as 0 and positive response categories (4-5) are recoded as 1.
For the ordinal categorical ATC scale, we fitted four alternative IRT models, namely the Graded Response Model (GRM), the Partial Credit Model (PCM), the Generalized Partial Credit Model (GPCM), and the Rating Scale Model (RSM). The relative model performance comparison is shown in the top subpart of Table 7 . Based on all three model performance estimated metrics (model fit −2*Log Likelihood (2LOGL), Akaike Information Criterion (AIC), Bayesian Information Criterion (BIC)), the best fit (minimum values) for ordinal categorical ATC scale response is the Graded Response Model (GRM) with −2LogL = −19,376.6, AIC = 38,933.3, and BIC = 39,371.6. 
An alternative methodology for assessing the cognitive latent scale as a mental model representation is the use of Item Response Theory (IRT) models. According to Cleophas et al. (2012) IRT models "( . . . ) do not use reliability as a measure of their applicability, but instead use formal goodness of fit tests ( . . . )". In a nutshell, item response models represent a nonlinear estimation on a binary or categorical response pattern for each item (and sub-item, i.e., item class) in a scale. The nonlinear estimation of item response models follows a Gaussian exponential distribution function (Reckase and Reckase 2009; Drasgow and Parsons 1983) .
For the ordinal categorical ATC scale, we fitted four alternative IRT models, namely the Graded Response Model (GRM), the Partial Credit Model (PCM), the Generalized Partial Credit Model (GPCM), and the Rating Scale Model (RSM). The relative model performance comparison is shown in the top subpart of Table 7 . Based on all three model performance estimated metrics (model fit −2*Log Likelihood (2LOGL), Akaike Information Criterion (AIC), Bayesian Information Criterion (BIC)), the best fit (minimum values) for ordinal categorical ATC scale response is the Graded Response Model (GRM) with −2LogL = −19,376.6, AIC = 38,933.3, and BIC = 39,371.6. Similarly, for the binary categorical ATC scale, we fitted three alternative IRT models, namely the One-Parameter Logistic Model (1PL), the Two-Parameter Logistic Model (2PL), and the Three-Parameter Logistic Model (3PL). The relative binary model comparison is shown in the bottom subpart of Table 7 . From the three alternative models, the best performance (minimum value of 2LOGL, AIC or BIC) is the Two-Parameter Logistic Model (2PL). The 2PL and 3PL models have the same log likelihood fit, but both the AIC and BIC estimated fit are slightly lower for the 2PL model. The selected model estimates are: −2LogL = −7924.1, AIC = 15,920.2, and BIC = 16,095.5.
Estimating a Two-Parameter Logistic Model (2PL)
The 2PL model fits a logistic curve estimated results are shown in the following Figure 6 . The left subgraph displays the overall test characteristic curve of the estimated latent response trait. Given the binary scale item response configuration, the minimum and maximum theoretically expected scale scores are 0 and 18 respectively. Given that the expected value of the estimated latent attitude trait (θ) follows a standard normal distribution, we can see that the majority of the ATC score values fall within the (2.7, 17,7) range for the 95% two-side confidence interval for the mean theta values. The test information function shows the information value curve for the 2PL model estimation, along with the standard error of the estimation. The majority of our predicted values fall within the (−2, 2) interval for theta, where the information is maximized. Finally, the item characteristic curves for the binary categorical responses are shown in the right subgraph. The distribution of attitudinal scores allow us to clearly define areas defined in the social judgment theory (Ajzen 2012; Petty and Cacioppo 1996) such as the latitude of rejection (below θ = −1.67), the latitude of acceptance (above θ = 0), and the latitude of noncommitment (between −1.67 and 0). These results indicate that respondents with generally negative or neutral attitudinal traits toward coral reef conservation can be persuaded to change their attitudes toward a more positive, conservation-favoring trajectory. Table  7 . From the three alternative models, the best performance (minimum value of 2LOGL, AIC or BIC) is the Two-Parameter Logistic Model (2PL). The 2PL and 3PL models have the same log likelihood fit, but both the AIC and BIC estimated fit are slightly lower for the 2PL model. The selected model estimates are: −2LogL = −7924.1, AIC = 15,920.2, and BIC = 16,095.5.
Estimating a Two-Parameter Logistic Model (2PL).
The 2PL model fits a logistic curve estimated results are shown in the following Figure 6 . The left subgraph displays the overall test characteristic curve of the estimated latent response trait. Given the binary scale item response configuration, the minimum and maximum theoretically expected scale scores are 0 and 18 respectively. Given that the expected value of the estimated latent attitude trait (θ) follows a standard normal distribution, we can see that the majority of the ATC score values fall within the (2.7, 17,7) range for the 95% two-side confidence interval for the mean theta values. The test information function shows the information value curve for the 2PL model estimation, along with the standard error of the estimation. The majority of our predicted values fall within the (−2, 2) interval for theta, where the information is maximized. Finally, the item characteristic curves for the binary categorical responses are shown in the right subgraph. The distribution of attitudinal scores allow us to clearly define areas defined in the social judgment theory (Ajzen 2012; Petty and Cacioppo 1996) such as the latitude of rejection (below θ = −1.67), the latitude of acceptance (above θ = 0), and the latitude of noncommitment (between −1.67 and 0). These results indicate that respondents with generally negative or neutral attitudinal traits toward coral reef conservation can be persuaded to change their attitudes toward a more positive, conservation-favoring trajectory. The results of the binary 2PL model estimation, albeit informative and insightful, nevertheless reflect a simplified assessment of latent attitudinal information obtained from the data, as the model requires the informational reduction of the Likert original categorical responses provided by the participants into a binary classification scheme, thus downscaling the value of information that can be obtained.
Estimating a Graded Response Model (GRM)
Fitting the graded response model (GRM) for the ATC scale uses an ordinal logit estimation of each of the 18-item observed variable towards the latent ATC scale. It uses a Bayesian EAP estimation using empirical mean and standard deviations as priors to estimate the latent variable distribution and its moments. The key unidimensional ATC scale-level statistics of the estimation are shown in Table 8 . The parameter estimates for the ATC latent semantic scale of the study are shown in Table 9 . The factor loadings parameter, λ = 0.869. The slope parameter ranges from 1.374 to 3.284 with mean α = 2.170. The ordinal logit model estimates range from −2.77 ± 0.16 to 3.46 ± 0.25 in the case of the additive logit αθ + c model (cutoff c values), and from −1.65 ± 0.18 to 1.32 ± 0.97 in the case of the multiplicative logit α(θ − b) model (model intercept, b values). The χ 2 statistics of the estimation (Table 9) as well as the marginal reliability and M 2 marginal statistics in Table 8 indicate a very good model fit. The GRM model estimated is equivalent with a generalized structural equation model (GSEM) using ordinal logit regression terms for each of the 18-items in the scale. In terms of the characteristics of the Bayesian estimation, the model estimates the conditional probabilities EAP (θ|u) of the logit model, with parameters αθ + c i , and α(θ − b i ) where i is the number of graded model classes (i = 1, 2, 3, 4). For the ATC latent scale, the Kolmogorov-Smirnov hypothesis test allows us to retain the null hypothesis regarding normality of the distribution of the EAP(θ|u) model parameters with mean µ = 0 and standard deviation σ 2 = 1. The K-S test statistic value was −0.00368 (p = 0.091).
Following the GRM model fit, we obtained the inferential estimation results for the empirical assessment of the ATC latent attitudinal trait (ability). The graphs in Figure 7 plot the overall (latent-base) information curve (along with the standard error of its estimates), and the cumulative test characteristic curve. The GRM model estimated is equivalent with a generalized structural equation model (GSEM) using ordinal logit regression terms for each of the 18-items in the scale. In terms of the characteristics of the Bayesian estimation, the model estimates the conditional probabilities EAP (θ|u) of the logit model, with parameters αθ + ci, and α(θ − bi) where i is the number of graded model classes (i = 1, 2, 3, 4). For the ATC latent scale, the Kolmogorov-Smirnov hypothesis test allows us to retain the null hypothesis regarding normality of the distribution of the EAP(θ|u) model parameters with mean μ = 0 and standard deviation σ 2 = 1. The K-S test statistic value was −0.00368 (p = 0.091).
Following the GRM model fit, we obtained the inferential estimation results for the empirical assessment of the ATC latent attitudinal trait (ability). The graphs in Figure 7 plot the overall (latentbase) information curve (along with the standard error of its estimates), and the cumulative test characteristic curve. The item or boundary characteristic curves for each of the 18 of the items in the scale are shown as item-ordered subgraphs in Figure 8 . The y-axis on each subgraph shows the overall probability estimates, while the x-axes plot the latent ability (ATC scale) estimates. In each subgraph, each line represents the cumulative probability function (CDF) of the item states (from the Likert scale, 0 = strongly negative to 4 = strongly positive). The threshold values where Pr(θ = 0.5) are indicated for each of the curves. i.e., where the % probability threshold exceeds 50%.
The item characteristic curves along with each item's information curve of the GRM model estimation are shown in Figure 9 . The solid colored lines represent the item state probabilistic score estimates with respect to the overall ATC latent attitudinal scale (ability, θ). The areas where each curve dominates the probability of any other states identify ranges of the ATC latent scale to be expected to reflect the true attitudinal state for each item. Items for which these areas a clearly distinct and have minimal overlap are generally ones where the value of information is higher. The item or boundary characteristic curves for each of the 18 of the items in the scale are shown as item-ordered subgraphs in Figure 8 . The y-axis on each subgraph shows the overall probability estimates, while the x-axes plot the latent ability (ATC scale) estimates. In each subgraph, each line represents the cumulative probability function (CDF) of the item states (from the Likert scale, 0 = strongly negative to 4 = strongly positive). The threshold values where Pr(θ = 0.5) are indicated for each of the curves. i.e., where the % probability threshold exceeds 50%.
The item characteristic curves along with each item's information curve of the GRM model estimation are shown in Figure 9 . The solid colored lines represent the item state probabilistic score estimates with respect to the overall ATC latent attitudinal scale (ability, θ). The areas where each curve dominates the probability of any other states identify ranges of the ATC latent scale to be expected to reflect the true attitudinal state for each item. Items for which these areas a clearly distinct and have minimal overlap are generally ones where the value of information is higher. Soc. Sci. 2018, 7, x FOR PEER REVIEW 18 of 34 The comparison of the GRM assessment of ATC mean scale scores by different participant attributes are shown in the following Table 10 . The estimated scale group means are shown to be statistically different for gender (females have stronger positive attitudes, p = 0.013), ethnicity (Black/African American have more negative attitudes, p = 0.0001), age group (participants above 25 years old have stronger positive attitudes, p = 0.0002), education (participants with college degree and above have stronger positive attitudes, p < 0.0001), and snorkeling before (participants who snorkeled before in coral reefs have stronger positive attitudes, p < 0.0001). On the other hand, there appear to be no statistically important differences in attitudinal scale responses for participants living in the Virgin Islands or not, or for participants who use solar power in their home or nor. Finally, participants with household income above $90,000 appear to have slightly or marginally more positive attitudes than the ones with household income below that level (p = 0.028). 
Latent Trait Analysis Using Structural Equation Models for Scale Development
We used a structural equation model design structure to estimate the latent attitudinal effect of the ATC scale. The overall SEM model design is shown graphically in Figure 10 and includes the fitted model parameters. The model used n = 884 observations, over the 18 scale items (dependent variables). The log-likelihood of the model estimation was −2LogL(model) = 19,404.45 with 37 degrees of freedom. The Akaike's information criterion and the Bayesian information criterion was AIC = 38,882.89 and BIC = 39,059.92 respectively. The overall equation-level goodness of fit gave us an adjusted R 2 = 0.908. The likelihood ratio tests for both the model vs. saturated and the baseline vs. saturated configurations was statistically significant with p < 0.0001: χ 2 ms (152) = 1820.08, and χ 2 bs (153) = 6442.23. The population-based root mean squared error of the approximate ML solution was RMSEA = 0.111 ranging between 0.107 and 0.116 (p < 0.0001). In comparing the SEM model estimates to the baseline model, the comparative fit index is CFI = 0.735 and the Tucker-Lewis index, TLI = 0.733.
The unstandardized (constrained) estimated latent ATC scale mean is 2.558 (in the 0-4 Likert scale for the ATC1-18 items). The standard error of the ATC mean scale estimate is 0.018, with z-statistic value for the mean z = 80.49 (p < 0.001). The 95% CI for the mean are [2.495, 2.620]. Thus, the mean scale parameter is closer to the positive attitudinal level (since 2 = neutral and 3 = positive). We standardized the SEM-estimated ATC scale by constraining each item's mean empirical value from the data. The resulting standardized SEM attitudinal scale (ATC SEM ) has a mean of 0 with standard error of the estimated mean of 0.37. The estimation results are congruent and compatible with both the Cronbach's alpha scale reliability estimates and the GRM model estimates presented in the previous section. Soc. Sci. 2018, 7, x FOR PEER REVIEW 20 of 34 statistic value for the mean z = 80.49 (p < 0.001). The 95% CI for the mean are [2.495, 2.620]. Thus, the mean scale parameter is closer to the positive attitudinal level (since 2 = neutral and 3 = positive). We standardized the SEM-estimated ATC scale by constraining each item's mean empirical value from the data. The resulting standardized SEM attitudinal scale (ATCSEM) has a mean of 0 with standard error of the estimated mean of 0.37. The estimation results are congruent and compatible with both the Cronbach's alpha scale reliability estimates and the GRM model estimates presented in the previous section. 
Evaluating the Congruency or Concordance between Alternative Latent Cognitive Scale Constructs
An important question of the analysis is the inherent cognitive nature of the relationship between the constructed latent trait scales estimates. What is the degree of association among study participants between these latent scale estimates? The following figure shows the level of association between the various latent traits. We can thus see that while the majority of observations fall within the concordant regions (i.e., showcase a level of consistency between these estimated latent traits).
We used the Hotelling T 2 statistic, a multivariate test equivalent to the bivariate likelihood-ratio test (Mardia et al. 1979) for comparing the equality of means across the all estimated ATC latent scale coefficient estimates. The T 2 statistic asymptotically approximates 0, with the F(2,882) = 0.00 (p = 0.9999). Therefore, we cannot reject the null hypothesis of equal means of the alternative ATC scale coefficient estimates at almost any level of statistical significance.
The correlation coefficients among these latent scale coefficient estimates (including also the summative composite score of the 18-items) show a very high degree of associative concordance, on 
We used the Hotelling T 2 statistic, a multivariate test equivalent to the bivariate likelihood-ratio test (Mardia et al. 1979 ) for comparing the equality of means across the all estimated ATC latent scale coefficient estimates. The T 2 statistic asymptotically approximates 0, with the F(2,882) = 0.00 (p = 0.9999). Therefore, we cannot reject the null hypothesis of equal means of the alternative ATC scale coefficient estimates at almost any level of statistical significance.
The correlation coefficients among these latent scale coefficient estimates (including also the summative composite score of the 18-items) show a very high degree of associative concordance, on average above 90%, depending on the correlational statistic used. The bi-variate Spearman's and Kendall's correlation coefficients for the four variables (composite and three estimated latent scale coefficients) are shown in the following Table 11 . The characteristics of associative congruency among the alternative ATC scale estimations and across the survey item strata are shown as a bivariate scatterplot matrix in Figure 11 . Each of the subgraphs represents one of the estimated scales in the study. As can be seen from the scatterplot graphs, the relationship between the summative composite scale scores and both the alpha-reliability scale estimates and the generalized SEM empirical Bayes estimates of the latent scale is approximated linear, while the relationship between the IRT GRM empirical Bayes latent scale estimates is exponentially nonlinear.
Soc. Sci. 2018, 7, x FOR PEER REVIEW 21 of 34 average above 90%, depending on the correlational statistic used. The bi-variate Spearman's and Kendall's correlation coefficients for the four variables (composite and three estimated latent scale coefficients) are shown in the following Table 11 . Table 11 . Correlation coefficients evaluating the congruency between ATC scale factor estimates. The characteristics of associative congruency among the alternative ATC scale estimations and across the survey item strata are shown as a bivariate scatterplot matrix in Figure 11 . Each of the subgraphs represents one of the estimated scales in the study. As can be seen from the scatterplot graphs, the relationship between the summative composite scale scores and both the alpha-reliability scale estimates and the generalized SEM empirical Bayes estimates of the latent scale is approximated linear, while the relationship between the IRT GRM empirical Bayes latent scale estimates is exponentially nonlinear. In order to examine closely the nature of the nonlinear relationship between the alternative scale estimates, we performed a best fit analysis. As can be seen in Figure 12 , the best nonlinear fit between the Alpha-estimated ATC score (dependent) and the GRM-estimated latent ATC score (independent) was produced from 2nd order polynomial fit ( f (x) = a + bx + cx 2 ). The parameter estimates for the fit (with 95%CI) was a = −0.1098 (−0.1264 In order to examine closely the nature of the nonlinear relationship between the alternative scale estimates, we performed a best fit analysis. As can be seen in Figure 12 , the best nonlinear fit between the Alpha-estimated ATC score (dependent) and the GRM-estimated latent ATC score (independent) was produced from 2nd order polynomial fit ( Figure 12. Linear polynomial interpolation (3D and contour plots) between the GRM-estimated latent scale score (x-axis), the Alpha-estimated latent scale score (y-axis), and the composite summative scale score (z-axis, contour) of the ATC latent attitudinal scale.
Correlation
Discussion
The evaluation of the 18-item ATC scale allows us to confidently confirm the consistency of the survey instrument to measure attitudinal state and formation, and how well such measurements capture the participant population strata attitudes in relation to the concept of environmental conservation in coral reef social-ecological systems. The cross-strata comparison of scale reliability also allows us to generalize our inferences within our study population and across a wider geographic diversity.
Participants who engage in pro-environmental behaviors and activities (e.g., ecotourism, experiential social learning, environmental scientists) have steeper and more cohesive structure in their attitudinal scale formation compared to the broader community participants (see Figure 2) .
Our results indicate statistically significant differences in environmental attitudes toward coral reef conservation across a range of different demographic, physical, and socioeconomic characteristics of participants. Female, older (above 25 years old), and more educated participants Figure 12 . Linear polynomial interpolation (3D and contour plots) between the GRM-estimated latent scale score (x-axis), the Alpha-estimated latent scale score (y-axis), and the composite summative scale score (z-axis, contour) of the ATC latent attitudinal scale.
Our results indicate statistically significant differences in environmental attitudes toward coral reef conservation across a range of different demographic, physical, and socioeconomic characteristics of participants. Female, older (above 25 years old), and more educated participants exhibit a statistically significant higher level of pro-conservation attitudes (see Table 6 and Figure 3) . Conversely, Black/African American, and local Caribbean participants exhibit a statistically significant lower level of pro-conservation attitudes (see Table 6 and Figure 3 ), providing evidence of weaker sense of place and ties to coral reef conservation compared with other ethnicities and locations.
In terms of residential, physical and socioeconomic characteristics, our study found statistically significant differences in latent attitudes toward coral reef conservation among a number of characteristics: place of residence (higher attitudes for people not living in the US Virgin Islands, see Table 3 and Figure 4) ; residential type and tenure (higher for people living in houses, and for homeowners, from Table 3 and Figure 4) ; water consumption patterns (higher for people conserving more water and for participants using tap water as their drinking source, from Table 3 and Figures 4 and 5) ; electricity use (higher for people with less dependency in grid-tied power, even higher differences for participants using solar power and for participants who are concerned and having issues with their energy supply and use, from Table 3 and Figures 4 and 5) .
In terms of more general pro-social attributes, actions and behaviors, the results indicate stronger levels of latent attitudes toward conservation among participants who engage in environmental activities, promote or support water and energy conservation measures and environmental policies, are concerned about climate change, environmental health, and take interest in learning and enhancing their environmental knowledge related to environmental conservation, as can be seen from Table 3 and Figure 5 .
These results indicate a strong connection between perceived attitudes toward environmental conservation, and individual or socially relevant environmental behaviors, knowledge, and action.
Finally, our results show how robust and reliable are our latent scale attitudinal estimates by comparing our scales across different methodological implementations (alpha estimates, GRM models, SEM models). Overall our results provide a consistent, reliable, and statistically robust estimation of measuring environmental attitudes toward environmental conservation in coral reef social-ecological systems.
Conclusions
A number of very valuable and useful conclusions can be drawn from this study and analysis of participant's attitudes toward environmental conservation. These can be broadly divided into distinct categories, namely ecological, environmental, social, and socioeconomic groups. From the latent attitudinal scale analysis, the survey responses, and the comparative attributional analysis of the results, we can make a range of inferences. Such inferences can relate our findings to the impact and influence in policy frameworks, conservation actions and activities, or future decision making in support of broadening, deepening, and promoting positive attitudinal change. These inferences are listed in the following Table 12 . 
Study Outcome Category
Overall, participant's views regarding the importance of environmental conservation in decision making greatly affect and being affected by their attitudes. The more important they found environmental conservation the more wider and extensively positive are their attitudes.
Ecological
Participant engagement with ecological activities (e.g., ecotourism, snorkeling, etc.) are shown to be associated with better and more positive attitudes toward coral reef conservation. Programs promoting and enabling more participation with these activities have the potential of improving social attitudes toward conservation. Table 12 . Cont.
Study Outcome Category
Overall, participants have stronger and higher scores for abstract conservation scale items that relate to broader social, livelihoods, and wellbeing, rather than ecologically-explicit scale items related to coral reef themselves. Thus, framing environmental conservation policies, initiatives, and actions in ways that bare relevance to participant's perceptions and views might help promote stronger and more consistent participation and engagement to collective efforts in support of environmental conservation.
Ecological/Environmental
Participants believe that recreation opportunities are very strongly and positively related to their attitudinal formation towards coral reef conservation (item mean = 4.253/5.0)
Participants with more positive attitudes toward environmental and coral reef conservation are likely or very likely to support environmental policies aimed in promoting conservation. Thus, any efforts to change and shift community attitudes toward more support of coral reef conservation would increase both nominal and active support for future environmental policies and environmental governance.
Concerns about climate change and its impacts influence participants' attitudes and support of policies and decisions toward environmental conservation. Environmental Improving participant's knowledge level regarding environmental and natural resources in the US Virgin Islands, is shown to be associated with more positive attitudes toward environmental conservation. Programs promoting and enhancing citizen and local community knowledge about coral reefs are likely to help changing attitudes toward conservation.
Environmental
Local residents who perform and are engaged with active water and energy conservation measures are shown to have more positive attitudes toward conservation, thus providing a strong and verifiable link between attitudes and behaviors. The more actively involved with water/energy conservation are the citizens, the more likely it is to support policies and measures improving ecological and environmental conditions in the region.
Female participants are shown to have slightly (but statistically significant) better or more positive attitudes toward coral reef conservation. Promoting gender-based policies and leadership may help improve conservation efforts.
Social
Black or African/American participants have less positive attitudes toward coral reef conservation compared to other ethnicities or participants with mixed ethnicity. The ethnic dimension of coral reef conservation might have to to with ethnocultural and historical reasons that relate to the sense of place and community.
Younger people (below 25 years) are shown to have slightly less positive attitudes toward environmental conservation. Programs designed to reach younger citizens and local participants may improve conservation attitudes and outcomes in the future.
Education levels are shown to promote stronger and more positive attitudes toward conservation. Especially participants with educational attainment above college degree have stronger conservation attitudes. This result shows the potential influential role that education has in shaping and shifting attitudes.
The collective and social aspects of environmental conservation are shown to be strongly positively related with attitudes toward conservation. The participants have a high item scale mean for the proposition that "environmental conservation benefits everyone" (item mean = 4.233/5.0), as well as the benefits for a better world (item mean = 4.267/5.0)
Participants recognize the health benefits of environmental conservation (item mean = 4.241/5.0), and the impacts in their quality of life (item mean = 4.155/5.0) Social
Despite overall positive influence of the importance of environmental conservation, people living in the local area appreciate less the coral reef and conservation level compared to participants outside the Caribbean region. Since local communities are the ones that need to support policies and actions to protect the natural resources in the region, thus, programs and initiatives that focus on fostering and promoting better attitudes toward coral reef conservation among the local population can aid conservation efforts. 
Social/Economic
Study Outcome Category
Participants with higher levels of income are shown to have slightly more positive, yet less strong (weaker) levels of attitudes toward environmental conservation, albeit these results are not strongly statistically inferred. It is possible that purely economic outcomes might not be a strong predictor or influencer of conservation attitudes.
Economic
Home ownership and improvement of socioeconomic outcomes at the local community are shown to promote environmental conservation and participant attitudes.
Social/Economic
Adopting new and alternative technologies (e.g., solar power) are shown to be associated with higher positive levels of environmental and coral reef conservation attitudes. Our study shows that promoting alternative technologies, not only can improve environmental outcomes (e.g., reducing energy dependency and air pollution by burning fossil fuel for energy generation in the islands), but also has the benefit of significantly changing citizen's attitudes in support of environmental conservation efforts.
Persistent and challenging issues with energy in the US Virgin Islands (e.g., often power black outs, inadequate supply of power, etc.) have as a side-effect a higher level of positive attitudes toward environmental conservation, by way of transforming participant's views and necessitating higher appreciation of conservation efforts.
The inferences presented here have both practical and theoretical significance. Their practical significance relates to the potential relevance to current or future activities and programs that can be designed to take advantage the attitudinal formation and composition of citizens and local community participants toward environmental conservation. They can also be used to ground and provide empirical evidence in support of sound policies aimed in promoting coral reef and environmental conservation in the US Virgin Islands and the Caribbean region as a whole. It is important to note the importance of all ecological, environmental, social, and socioeconomic considerations in the formation of latent attitudes toward conservation and the need for policies to incorporate, address, and digest all these different and diverse versions of reality. In terms of the theoretical significance, our research analysis clearly shows the presence, effect, and influence of coupled and integrated social-ecological systemic interactions in attitudinal formation. Coupled social-ecological realities do not only have physical and directly tangible dimensions or manifestations, but are also part of a broader, latent, and often intangible mental representation at the individual and collective social level. The interaction between our social perceptions of reality and our ecological and environmental state or condition of our natural resources represents an important dimension of environmental and coral reef conservation.
Limitations, Opportunities, and Future Research
The research analysis presented in this study has certain limitations, both technical/methodological, and theoretical. First, while certainly the latent scale analysis of reliability and consistency allow us to generalize our inferences, larger samples from more diverse geographic and demographic participant pool may improve the results including reliability coefficients. Second, statistical inferences for all ATC scale models (Composite, Alpha, GRM, SEM) are subject to statistical assumptions related to each particular method, and statistical hypotheses made in their comparative evaluation. Third, the validity of the latent scale measurement weakens when the contextual link is not present, i.e., the context of coral reef conservation. It is possible that inferences with respect to other areas of environmental conservation (for example, air quality, brownfield development, land development) may be limited, albeit unlikely.
At the same time, the reported research provides some opportunities for further and future explorations and research. In this respect, while the existing study focused on attitudes and stated behaviors, did not assess, or measure actual or revealed behaviors. Studies in the area of social psychology and the psychology of attitudes indicate circumstances and situations where attitudes and behaviors may be inconsistent, or where stated and revealed behaviors may differ (Petty and Cacioppo 1996; Hanley and Alvarez-Farizo 2002) . Future research in comparative assessment of stated versus revealed behaviors related to environmental conservation can shed further research light into these issues.
Potential future research opportunities related to this study include evacuating a range of policy and decision-theoretic approaches to strengthening environmental conservation outcomes by promoting positive attitudinal and social-ecological change. This study provides a solid methodological, theoretical, and evidence-based framework with which the policy questions related to coral reef conservation actions can be based and be supported upon. Our inferences raise a few decision-based and policy-related potential questions that warrant further and deeper scientific investigation at both the ecological/environmental and the social/socioeconomic dimensions.
We believe that the presented, assessed, and analyzed 18-item latent attitudinal scale (ATC) can be generalized, standardized, and adapted for use in different communities, geographic regions, and situations in order to assess individual and collective social-ecological attitudes toward environmental conservation.
Finally, our study results make an empirical assessment of the theoretical dimensions of social-ecological systems (SES). We believe that our work demonstrates both the validity and the usefulness of addressing environmental and coral reef conservation as a truly integrated coupled system of social-ecological interactions. Within such SES our individual, collective, social, and institutional perceptions, actions, and arrangements operate and function. Without such firm and comprehensive operant understanding of its functionality, it will be difficult to address and respond to our contemporary environmental challenges. The results of the reliability analysis for the Ecotourism survey data are shown in the following Table A2 . The overall alpha value for the scale, α = 0.870, and the overall scale inter-item correlation, ρ = 0.271. The maximum alpha (if item is removed) for the scale across all items is 0.864. The overall scale alpha coefficient is larger or equal than any of the alpha values if the item is removed from the scale, which indicates that the number of items in scale provide are best explain the latent attitudinal construct. The overall scale alpha coefficient is larger or equal than any of the alpha values if the item is removed from the scale, which indicates that the number of items in scale provide are best explain the latent attitudinal construct. The results of the reliability analysis for the Visiting Scientists survey data are shown in the following Table A4 . The overall alpha value for the scale, α = 0.834, and the overall scale inter-item correlation, ρ = 0.218. The maximum alpha (if item is removed) for the scale across all items is 0.825. The overall scale alpha coefficient is larger or equal than any of the alpha values if the item is removed from the scale, which indicates that the number of items in scale provide are best explain the latent attitudinal construct. The results of the reliability analysis for the Community Survey data are shown in the following Table A5 . The overall alpha value for the scale, α = 0.886, and the overall scale inter-item correlation, ρ = 0.302. The maximum alpha (if item is removed) for the scale across all items is 0.880. The overall scale alpha coefficient is larger or equal than any of the alpha values if the item is removed from the scale, which indicates that the number of items in scale provide are best explain the latent attitudinal construct. 
Appendix B. Ethnicity
The participant responses to the main ethnicity question are summarized in the following Table A6 . The participant responses to Other/Mixed ethnicity are summarized in the following Table A7 . Participants were given the option to choose "other" as opposed to choosing one of the standardized census ethnicity classifications, and then identify their ethnicity in their own, personal terms. Spelling and grammar of responses are left exactly as the responses were provided. From the 81 participants that choose the Other/Mixed category, only 59 choose to specify further their ethnicity. 
